The sounding rocket Chromospheric Lyman-Alpha SpectroPolarimeter (CLASP1) was launched on September 3rd, 2015, and successfully detected (with a polarization accuracy of 0.1 %) the linear polarization signals (Stokes Q and U) that scattering processes were predicted to produce in the hydrogen Lyman-alpha line (Lyman-α; 121.567 nm). Via the Hanle effect, this unique data set may provide novel information about the magnetic structure and energetics in the upper solar chromosphere. The CLASP1 instrument was safely recovered without any damage and we have recently proposed to dedicate its second flight to observe the four Stokes profiles in the spectral region of the Mg ii h and k lines around 280 nm; in these lines the polarization signals result from scattering processes and the Hanle and Zeeman effects. Here we describe the modifications needed to develop this new instrument called the "Chromospheric LAyer SpectroPolarimeter" (CLASP2).
INTRODUCTION
the critical role this interface region between the photosphere and corona plays in the mass and energy balance of the outer solar atmosphere. A major remaining challenge for heliophysics is to decipher the magnetic structure of the solar chromosphere. Recent theoretical investigations predicted that the scattering of anisotropic radiation in the upper solar chromosphere should produce measurable linear polarization in the hydrogen Lyman-α line of the solar disk radiation, and that the sensitivity of the line-center polarization to the Hanle effect could be exploited for probing the presence of magnetic fields in the chromosphere-corona transition region, with strengths between 10 and 100 gauss, approximately. [1] [2] [3] These investigations provided the required theoretical background for the development of new instrumentation.
As a pathfinder of solar physics, we proposed and executed the Chromospheric Lyman-Alpha SpectroPolarimeter (CLASP1) sounding rocket project. 4, 5 The aims of the CLASP1 project are On September 3rd, 2015, CLASP1 was successfully launched from White Sands Missile Range. CLASP1 achieved the high-precision (< 0.1%) spectro-polarimetery in VUV (Aim 1), 6, 7 and first measurement of the linear polarization produced by scattering processes in hydrogen Lyman-α (see Figure 1 ; Aim 2; Kano et al. in prep.). Now, we are analyzing the CLASP1 data in detail, in order to achieve Aim 3. However, it is not an easy task since we need to disentangle the Hanle effect from the influence of the local radiation field on the scattering polarization. Nevertheless, we found the possible hint of the operation of the Hanle effect by comparing three lines that have different Hanle sensitivity to magnetic fields, namely, Lyman-α core (∼ 10 Gauss < B < ∼ 100 Gauss), Si iii line at 120.65 nm (∼ 60 Gauss < B < ∼ 600 Gauss), and Lyman-α wing (no magnetic sensitivity), and the We address another difficulty in the Hanle diagnostic; it is difficult to uniquely determine the vector magnetic fields in the upper chromosphere and the transition region only from Q/I and U/I in a single spectrum. 8 To solve this issue, the following information is required: Info 1. constraint of azimuth angle with fibril observed by AIA 304Å and/or IRIS Mg ii SJ images. Lyman-α vs. Si iii (as described above; CLASP1 result). Another possibility might be a pair of the Lyman-α and Mg ii k line.
Info 3.
Measurement of Stokes-V generated by Zeeman effect using longer wavelength line, e.g., the Mg ii h and k lines around 280 nm are predicted to show measurable circular Zeeman polarization signals for field strengths as low as 50 G.
Info 2 & 3 are also helpful to identify the presence of magnetic field (i.e., operation of the Hanle effect). The magnetically sensitive Mg ii k (via Hanle and Zeeman effects) and h (via Zeeman effect) spectral lines, whose core forms only about 100 km below the Lyman-α core, is compelling line to obtain the above information.
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Studying this line is particularly timely since its intensity spectrum has been extensively studied over the past few years with high-resolution IRIS observations and advanced numerical models. These studies are helpful to understand the influence of the local radiation field on the scattering polarization, which is indispensable to disentangle the Hanle effect from the measured polarization data.
We propose the Chromospheric LAyer Spectro-Polarimeter 2 (CLASP2) that measures all four Stokes parameters in the 280 nm range, to study wavelength-dependent variations in polarization caused by the joint action of scattering processes and the Hanle and Zeeman effects. Table 1 is the scientific requirements for CLASP2. According to the theoretically predicted polarization in Mg ii k (see Figure 2) , a polarization sensitivity of 0.1 % and a spectral resolution of 0.01 nm are required. In order to measure the polarization in Mg ii k (in 279.55 nm, via Hanle and Zeeman effects) and h (in 280.27 nm, via Zeeman effect) near 280 nm, the spectral window of 279.45 − 280.35 nm is required. The IRIS observation at the 
SCIENTIFIC REQUIREMENTS

TECHNICAL APPROACH
Instrument Design
The CLASP1 instrument was originally designed for the hydrogen Lyman-α line at 121.6 nm.
10 For CLASP2, we plan to reuse it without significant modification to observe the Mg ii lines around 280 nm. The instrument is composed of a Cassegrain telescope, a rotating wave plate, a dual-beam spectrograph assembly with a grating working as a beam splitter, an identical pair of transmissive polarization analyzers, attenuation filters, magnifiers, and fold mirrors each equipped with a CCD camera, and a slitjaw imaging system. The overall layout and baseline design parameters are shown in Figure 3 . The optical elements that will be updated for CLASP2 are shown in red characters in the middle panel of Figure 3 .
Structural Design
The mechanical structure from the first flight of CLASP1 (Figure 3 ) is mostly reused for CLASP2. The only new structure is for the magnifier optical system near the CCD camera shown in red lines in the top panel of Figure 3 . The telescope and spectrograph are assembled as separate structures, allowing each section to be optically aligned independently before integration and end-to-end system alignment. Each section is cantilevered from the main interface plate which attaches to the rocket skin.
Telescope
The primary mirror will be recoated for best reflectance at 280 nm. An aperture stop at the telescope entrance prevents sunlight from illuminating the telescope structures surrounding the primary mirror. The primary mirror uses a "cold mirror" coating, i.e. a narrowband multilayer coating that reflects the target wavelength but is transparent to visible light. As shown in Figure 3 schematic, this allows > 90% of the visible light to pass through the primary mirror and onto the heat absorber, which is thermally isolated from the telescope and spectrograph. With the CLASP1 instrument, we confirmed that this reduced the heat load on subsequent optical components and minimized the visible light in the spectrograph and slit-jaw system. Our baseline is dual-bandpass cold mirror coating of Mg ii h & k lines for the spectropolarimeter and Lyman-α line for the slitjaw system (Section 3.1.5). Such dual-band cold mirror coating has been used on the MSFC Solar Ultraviolet Magnetograph Instrument (SUMI) sounding rocket experiment 11 and IRIS. 12 The measured performance of the prototype coating is shown in Figure 4 . This prototype meets out requirement for the reflectivities around 121.6 nm and 280 nm (higher than 40 % and 70 %, respectively). Though the reflectivity at the visible wavelength range is higher than that for CLASP1 (< 5% in average), the predicted ratio of the visible stray light to the Mg II intensity (< 0.12%) meets our requirement (< 4%, which is determined by the acceptable scale error 13 ) based on the measured visible stray light of the CLASP1 spectropolarimeter. However, since new structure for the magnifier optical system will be added (see Section 3.1.1), we will evaluate the contamination level of visible scattered light after the final assembly of CLASP2 by feeding sunlight into the telescope using a heliostat. For better performance, we will continue the development of the cold mirror coating to reduce the reflectivity at the visible wavelength range. Additionally, we can reduce the visible light contamination rate by the filter that 
Magnifier
Fold Mirror Attenuation filter Figure 3 . CLASP1 instrument that will be reused for CLASP2 (top), CLASP2 optical layout (middle), and specifications for CLASP2 (bottom). Figure 4 . Measured reflectivity of prototype cold mirror coating that will be processed on the primary mirror, which reduces the visible light throughput to under 10%. The two dashed lines indicate our target wavelengths of 121.6 nm (Lyman-α) for slitjaw system and 280 nm (Mg ii h & k) for spectrograph.
has the band pass around Mg II and rejects the visible light. We have an option to use this type filter as the attenuation filter, which will be explained in Section 3.3.
Polarimeter System
The polarimeter system consists of a rotating wave plate and two transmissive polarization analyzers ( Figure 3) . The rotating waveplate (Section 3.1.3) allows measurement of Stokes Q, U , and V with fixed polarization analyzers. The optical components between the waveplate and polarization analyzers are oriented to minimize polarization errors and crosstalk: the ruling of the diffraction grating is parallel to the polarization axes of the polarizers, and the mirrors lying downstream of the grating are tilted around the same axis. These configurations were adopted for CLASP1, and it was verified that they ensure our requirement on Q ↔ U crosstalk (corresponding to the azimuth error of < 0.5
• ) by an end-to-end polarization calibration of the spectropolarimeter system.
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The design and performance of the polarimeter system are strongly dependent on the optical properties of materials and coatings at the wavelengths of Mg ii h & k. Therefore a comprehensive testing program using the Ultraviolet Synchrotron Orbital Radiation Facility (UVSOR) at the Institute for Molecular Sciences, an affiliated institute of the National Astronomical Observatory of Japan (NAOJ), is ongoing to make measurements on optical material samples, and flight components. This performance characterization validation and testing program has been a continuous effort since the beginning of the CLASP1 development program (e.g., Ref. 14).
MgF 2 Waveplate
The waveplate is a compound zero-order waveplate consisting of two stacked MgF 2 plates with slightly different thicknesses and their principal axes rotated by 90
• from each other. We measured the birefringence of the same material as CLASP1 waveplate around 280 nm using the sophisticated procedure established during our effort to develop a MgF 2 wavelpate for the Lyman-α line.
15 Based on this measurement, the phase retardation of the CLASP1 waveplate is estimated to be 233.6
• ± 1 • and 234.5
• ± 1 • at Mg ii h and k lines, respectively. These phase retardations enable us to equally measure Q, U , and V , and we reuse the CLASP1 waveplate.
We reuse the waveplate rotation mechanism which is a hollow DC brushless motor developed by Mitsubishi Precision Co, Ltd. and was designed specifically for the continuous rotation. We will change the rotation speed from 14.5 rpm to 18.75 rpm to shorten the exposure time (Section 3.1.6) by modifying the software of the rotation mechanism. In CLASP1, the rotation speed was stable with <0.5
• rotation angle errors and the measurement error of degree of polarization (i.e., scale error) caused by the rotation non-uniformity was sufficiently small (<0.01% in amplitude, Ref. 16, 17) . For CLASP2, we will evaluate the uniformity after the rotation speed change using the method established in Ref. 16 , 17 although the performance as good as CLASP1 is expected. Transmissive Polarization Analyzers In CLASP1, we employed a reflective polarization analyzer with a multi-layer coating based on Ref. 18 . For CLASP2, we need to newly install a magnifier optical system in order to increase the focusing length of the spectrograph (Section 3.1.4), and employ a transmissive polarization analyzer which allows us to easily place all the optical components inside the skin. We choose "wire grid" linear polarizers which are used in the Solc filter for the IRIS mission and enable higher efficiency in the NUV. 19 The wires are printed using atomic layer deposition technology on 1 mm thick fused silica substrates, and are coated with plasma enhanced Chemical vapor deposition (PECVD) to protect from damage during the handling. The principal axis of the two polarizers is placed parallel or perpendicular to the ruling direction of the grating, respectively, in order to measure two orthogonal polarizations simultaneously. Prototypes were fabricated by the vender who fabricated the polarizer of the IRIS Solc filter and tested at UVSOR, and the polarization extinction ratio PER (ratio of transmission between the linearly polarized beams in the direction of parallel and perpendicular to the wires) was measured to be 0.003 over the wide wavelength range of 278 − 281 nm, which exceeds our requirement of PER < 0.01.
Spectrograph
The spectrograph is an inverse Wadsworth configuration using a spherical constant-line-space grating (Figure 3 ; see Ref. 10 in detail) with a minimum modification from the CLASP1 spectrograph. The grating disperses the incident beam into the ±1st order collimated beams symmetrically. Each beam is focused on a CCD camera with an off-axis parabolic camera mirror and a magnifier ( Figure 5 ).
A new grating will be fabricated for CLASP2, with the same radius of curvature, but with a ruling density of 1303 lines mm −1 . By choosing these parameters, dispersed beams have the same exit angle as CLASP1, allowing us to reuse the structure and remaining optical components (i.e., off-axis parabola mirrors and CCDs). If only the grating is replaced, a plate scale in the spectrum is 0.011 nm at 13 µm pixel, resulting in an effective wavelength resolution of 0.022 nm (Nyquist limited). It does not meet our science requirement on the wavelength resolution of 0.01 nm. In order to realize a plate scale of 0.005 nm/pix which is a necessary condition for the required wavelength resolution, a magnifier optical system consisting of a convex hyperbolic mirror and a fold mirror will be newly installed after the polarization analyzer so that the F number of spectropolarimeter is doubled. The convex hyperbolic mirror also corrects astigmatism and comatic aberration induced by the grating and the off-axis parabola mirror ( Figure 5 ).
We will also replace the slit-mirror, since the slit width of CLASP1 (18.4 µm width) is too wide for the required spectral resolution of CLASP2. The MgF 2 + Al coating with a gap of 7 µm × 4.5 mm corresponding to the slit is performed over the SiO 2 substrate. The width of 7 µm is equal to CCD 1 pixel size. The prototype was fabricated and we confirmed that it is feasible.
Slitjaw System
The slitjaw system will remain unchanged from the first flight: a Lyman-α imaging system will confirm targeting during flight, facilitate the interpretation of the data obtained by the spectropolarimeter, and obtain context chromospheric images (see Figure 1) to be used for co-alignment with other observations. Since IRIS can obtain 2D images with higher spatial and enough temporal resolutions in the Mg ii wavelength range, a Mg ii imaging system is not necessary in CLASP2. By keeping the Lyman-α passband in slitjaw system and combining with the IRIS slitjaw observations, we can simultaneously explore the two atmospheric layers in upper chromosphere. Specifications are shown in Figure 3. 
Spectrograph Detectors
CLASP2 will reuse the existing CLASP1 cameras, developed by MSFC specifically for CLASP1. The cameras use back-thinned e2v CCD57-10 frame-transfer CCDs with Lumogen-E coating for UV sensitivity.
The spectrograph cameras operate in externally triggered frame-transfer mode, synchronized by the trigger signal from the waveplate controller. The trigger signal causes each camera to transfer the image to the storage region and start readout; this also starts the next exposure. The images are read out through 2 readout taps at 500 kilopixels per second per port. In CLASP1, the requirement was 512 × 256 region-of-interest (ROI) readout at 300 ms cadence. We exceeded this requirement, and will read out 512 × 384 pixels at this cadence. For CLASP2, the cameras will be operated at 512 × 256 ROI at 200 ms cadence. SpaceWire interface is used for control and data transfer.
Each camera incorporates an LN2 cooled cold block and a CCD heater. The cold block is cooled by LN2 until the moment of launch, and serves as a thermal reservoir during flight. Each camera cold block is fed through a separate LN2 feedthrough, and the LN2 flow rate is independently and automatically controlled. The CCD heater is controlled by a PID temperature controller which operates throughout flight; it has successfully demonstrated the ability to maintain every CCD at −20 ± 0.1 C for the duration of the flight, and through extended laboratory calibration tests.
All CLASP1 cameras that will be reused for CLASP2 demonstrated readout noise levels below 6 e-rms.
Polarization Measurement
Modulation
The observing mode consists of rotating the waveplate at a constant rate and acquiring 16 exposures per waveplate rotation. The waveplate controller electronics creates trigger pulses for the spectropolarimeter cameras with its master clock, insuring synchronization between waveplate rotation and exposure. Based on our estimation of the shortest exposure time to readout out 512 (spatial) × 256 (spectral) pixels covering the required wavelength window, the exposure time will be < 0.2 sec, resulting in a waveplate rotation period of 3.2 sec.
The observed signal in each spectropolarimeter channel, as a function of time, are:
where K 
Demodulation
All the raw data are returned without onboard processing, and demodulation will be done on the ground using all flight data. First, we derive fractional polarizations (Q/I, U/I and V /I) using only the data from a single channel. For example, Q/I, U/I, and V /I are calculated from channel 1 data as:
with Q, U, V ≪ I. Every successive set of 16 images of the data, corresponding to one rotation of the waveplate, will cancel out non-uniformities in the waveplate and fringe patterns caused by the waveplate. The Stokes signals from one channel will be verified by comparing to those from the other channel, and both signals will be summed to obtain the final Stokes profiles. This cancels possible polarization errors in the single-channel demodulation caused by time variation of source intensity and time variation of instrument pointing since two channels take orthogonal pairs of polarization simultaneously. 10, 20 The alignment between two channels and the calibration of the throughput ratio between two channels will be performed using the flight data, essentially by summing all data in each channel.
Radiometry and Polarization Sensitivity
Prior to the first flight, we have investigated possible causes and expected magnitudes of polarization errors as shown in Table 3 of Ref. 13 . One of the most limiting factors for the polarization sensitivity is the spurious polarization caused by the time variation of source intensity and by the intensity variation due to pointing jitter and drift. This intensity crosstalk can be seen in the difference of Stokes signals between two channels from the flight data, and found to be order of 0.02% for the temporally and spatially averaged Q/I and U/I. By performing the dual channel demodulation, we also confirm that this spurious polarization became smaller by one order magnitude.
The items to cause the spurious polarization remain the same and the magnitude of each error for CLASP2 will be similar to that for CLASP1. By performing the dual-channel demodulation (see Section 3.2.2), the photon noise is the most important factor limiting the polarization sensitivity. Thus, predicting and verifying the polarization sensitivity requires accurate estimates of instrument throughput. We have been measuring the throughput for some of the components at UVSOR, and provide conservative estimates for those not tested in our facility ( Table 2 ). The estimated values will be replaced by the measured value. We will also measure the reflectivity for the witness samples of flight coating at several times to monitor the aging, and keep this throughput table updated. Through the measurements for the throughput control for the first flight (CLASP1), testing procedures are already established.
Based on the throughput estimation (Table 2) , it is found that the throughput of CLASP2 (without attenuation filter) is about 3.7 times larger than CLASP1. Considering the photon number flux of the Mg ii h and k lines in active region, the maximum number of photons collected for the shortest achievable exposure time of 0.2 sec is about 2 times larger than the peak charge storage of our CCDs. Therefore, we will place a attenuation filter between the transmissive polarization analyzer and the hyperbolic mirror. The photon noise for each our observation target is listed in Table 3 , suggesting that our required polarization sensitivity can be met at ∼ 3σ level in both science targets.
SUMMARY
The measurement of the magnetic field vector in the solar outer atmosphere (chromosphere, transition region and corona) is a very important challenge in heliophysics. The most promising diagnostic tool for mapping the magnetic fields of the solar chromosphere and above is spectropolarimetry in UV lines, which requires the deployment of a UV polarimeter in space. CLASP1, which was launched in September 2015, successfully measured the linear polarization signals in the Lyman-α line and provided the first clue to quantitative exploration of the magnetic field in the solar upper chromosphere and transition region via the Hanle effect. The Chromospheric LAyer Spectro-Polarimeter (CLASP2) is the natural next step. CLASP2 will measure the linear and circular polarization signals in the Mg ii h and k lines in order to study the magnetic field vector in the upper solar chromosphere by combing the Hanle and Zeeman effects. Moreover, these measurements coordinated with those of IRIS, will lead to significant quantitative insight on the enigmatic solar chromosphere, such as refining the theoretical models of chromospheric jets and the dissipation mechanism of magnetic energy in the chromosphere and corona.
Exploring the magnetism of the upper chromosphere through spectropolarimetric measurements of the Zeeman and Hanle effects in UV spectral lines is an important future direction for solar physics. The CLASP series (CLASP1 and CLASP2) will serve as a pathfinder for future solar missions.
